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Abstract. Studies on the CO2 and N2O emission patterns of agricultural soils under different ploughing practices may
provide an insight into the potential and magnitude of CO2 and N2O mitigation in highly managed farmland soils. In this
study, field measurements of soil respiration and N2O flux with different ploughing depths were performed in the 2003–04
wheat (Triticum aestivum L.), 2004 maize (Zea mays L.), and 2004–05 wheat seasons. Soil temperature and moisture were
simultaneously measured. Results showed that, in each cropping season, the seasonal variation in soil respiration developed
with a similar pattern for different treatments, which was primarily regulated by soil temperature. This work demonstrates
that ploughing depth can influence long-term loss of carbon from soil, but this was contingent on preceding cropping types.
Given the same preceding cropping practice, no significant difference in N2O emission was found among different
ploughing depths in each cropping season.
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Introduction

Second to gross photosynthesis, carbon dioxide (CO2) emissions
from soils (i.e. soil respiration) exceed all other terrestrial–
atmospheric carbon exchanges (Raich and Schlesinger 1992).
Increases in soil CO2 emissions have the potential to exacerbate
increasing atmospheric CO2 levels and to provide a positive
feedback to global warming (Raich and Tufekcioglu 2000).
Nitrous oxide (N2O) is another important trace gas that
contributes to global warming (Yung et al. 1976) and the
depletion of stratospheric ozone, which acts as a shield
from damaging ultraviolet-B radiation (Crutzen 1970). The
atmospheric concentration of N2O continues to rise at a rate
of approximate 0.26% per year and has reached a concentration
of 319 ppbv (10�9mol/mol) in 2005 (IPCC 2007).

Agricultural management practices are known to influence
CO2 emission (IPCC 2007). The ability to increase soil organic
C by proper ploughing and erosion management provides long-
term justification for soil conservation programs (Hunt 1996;
Weinhold and Halvorson 1998). There is interest in the potential
and magnitude of highly managed agricultural soils to reduce
CO2 emission, and conservation tillage (e.g. no-till or reduced
tillage) can increase C storage (Lal et al. 1999). Deep tillage
often causes an immediate loss of soil CO2 when the soil is
inverted and fractured, and it also incorporates plant residues and

aerates the soil, thus enhancing microbial oxidation (Reicosky
and Lindstrom 1993; Gesch et al. 2007). However, insights into
seasonal or yearly soil respiration patterns as affected by degree
of disturbance (different ploughing depths) are rare (Mosier et al.
2006; Oorts et al. 2007).

The N2O emissions from farmland are normally associated
with N (as fertiliser or manure) application under wet conditions
near the soil surface (Arah et al. 1991; Clayton et al. 1994; Ball
et al. 1999). The production, consumption, and transport of
N2O are strongly influenced by changes in soil structural quality
associated with tillage practices (Ball et al. 1999; Carmo et al.
2007). Aulakh et al. (1984) and Ball et al. (1999) found that
gaseous losses of N were higher under no-till than under
conventionally tilled systems. However, Arah et al. (1991)
found very low emissions under long-term no-tillage near to
the tillage experiment on similar soil. A field study conducted at
Nyabeda, western Kenya Highlands, showed that emissions of
N2O over 99 days were greater from tilled than from no-till
treatments (Baggs et al. 2006). Liu et al. (2005) reported that
no-till did not significantly increase N2O emission compared
with conventional ploughing in a 2-year experiment in north-
eastern Colorado, USA. Above all, these studies have produced
inconsistent results regarding the effect of ploughing practice
on N2O emissions. In addition, reduced ploughing effects on
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N2O and CO2 fluxes from fertilised agricultural soils are seldom
examined; particularly lacking are the seasonal or yearly field
measurement data of N2O and CO2 emissions.

Before the early 1980s, deep ploughing was commonly
adopted for seedbed preparation, stubble incorporation, and
weed control in croplands in China (He et al. 2007). By
contrast, alternative agricultural practices reducing disturbance
in agro-ecosystems have been developed over the last 20 years,
and are currently practiced in many provinces in China (He et al.
2007). Since the early 1990s, ~20Mha of farmland has been
placed under reduced tillage in China (Zhang et al. 2005),
largely under shallow ploughing (~100–150mm) or no-till
practice. Therefore, understanding soil respiration and N2O
emission under different ploughing depths will provide an
insight into the impacts of changed ploughing history on
greenhouse gases emission.

The objective of this study is to address the effects of
ploughing depth and preceding cropping practice on soil CO2

and N2O emission. This information will help to optimise
agricultural practice to mitigate CO2 and N2O emissions from
agricultural soils and increase soil C sequestration.

Materials and methods

Site description

Inthe2003–05croppingseasons,fieldexperimentswereperformed
in farmlands at Jiangsu Academy of Agricultural Sciences
(32.08N, 118.88E), Jiangsu Province, south-east China. Rice
(Oryza sativa L.) – wheat and maize – wheat rotations represent
the main crop production regimes in local area (Huang et al.
2007). Shallow ploughing is a common tillage practice for
winter wheat and maize in south-eastern China (Wang et al.
1985; Pan et al. 1986; Huang and Liu 1989; Du 2001; Chen
et al. 2006). A previous investigation also indicated that the
mean value of plough layers for paddy soil in south-eastern
China was ~150mm (Pan et al. 2003, 2005). Annual average
temperature of the experimental site is 15.68C and annual
rainfall averages ~1100mm. The soil collected from the
experimental field is classified as hydromorphic, consisting of
sand 290.7 g/kg, silt 160.0 g/kg, and clay 549.3 g/kg, with an
initial pH(H2O) of 6.1. Total organic C and N contents before
the study were 9.7 and 1.1 g/kg, respectively. The bulk density of
the soil is 1.3 g/m3. We measured soil conditions including soil
organicmatter,Ncontent, pH, and textureafter thefield experiment.
No obvious changes in these soil conditions were detected.

Field experiment

The experimental design is shown in Table 1. A completely
randomised plot design was set up and each treatment was
replicated 4 times. No-till (0mm ploughing) and shallow
ploughing (120mm ploughing) treatments were coded as NT
and CT, respectively, and the planting seasons were represented
by serial number 1, 2, 3, and 4 (Table 1). The 250-mm ploughing
treatment was coded as DP. Winter wheat, maize, and winter
wheat were planted in the 2003–04, 2004, and 2004–05 seasons,
respectively.

Mouldboard plough using 3-bottom plough, 500-mm-wide
bottoms, to the 250-mm depth followed by a disk harrow twice
was used to create the deep ploughing treatments. This resulted

in the same depth and degree of soil disturbance with smaller
aggregates and a less porous surface. The shallow ploughing
treatments were created by using 3-bottom plough, 400-mm-
wide bottoms, to the 120-mm depth followed by a disk harrow
twice. No-till treatments represent plots that were left
undisturbed during our field experiment period, rather than
field plots with a long-term history of no-till. All treatments
were shallow-disked for seedbed preparation. No ploughing also
involved spraying the sward with paraquat for seedbed
preparation.

Preceding crop residues were removed from fields, except
that root and ~80mm of stubble of preceding crops were retained
in all the treatments. Root and stubble biomass, and C and N
content in plant residues for different ploughing treatments are
shown in Table 2. Crop stubble was incorporated at the soil
depth of 120 and 250mm for the shallow and deep ploughing
treatments, respectively, and it was left on the soil surface for the
no-till treatments.

In the 2003–04 and 2004–05 wheat seasons, winter wheat cv.
Yangmai 158 was sown on 4 November 2003 and 4 November
2004, respectively. In the 2004 maize season, maize cv. Suyu 1
was sown on 8 June 2004. The main growth stages of wheat and
maize are shown in Table 3. During the rapid growth stage, the
number of wheat plant tillers/m2 was 1075, 898, 1826, 1600,
1198, 1081, and 1146 for NT1, CT1, NT3, CT3, NT4, CT4, and

Table 1. Field experimental design

Growing season Ploughing depth Preceding Treatment
(mm) crop code

2003–04 winter wheat 0 Rice NT1
120 Rice CT1

2004 maize 0 Wheat NT2
120 Wheat CT2

2004–05 winter wheat 0 Maize NT3
120 Maize CT3

0 Rice NT4
120 Rice CT4
250 Rice DP

Table 2. Root and stubble biomass (g/m2), and C and N content (g/kg)
of residues

The preceding cropping practice for NT1 and CT1 is rice paddy. Root
biomass, stubble biomass, root C content, stubble C content, root N content,
and stubble N content for the preceding rice are172 g/m2, 171 g/m2, 435 g/kg,
425 g/kg, 10 g/kg, 10 g/kg, respectively. The C and N contents were only

determined for CT2 and CT3 treatments in Table 2

Treatments Root Stubble C C N N
biomass biomass root stubble root stubble

NT1 118 107
CT1 123 111
NT2 163 148
CT2 166 151 490 468 6 7
NT3 176 160
CT3 141 128 490 505 7 8
NT4 138 125
CT4 179 163
DP 152 139
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DP, respectively. The planting density of maize is shown in
Fig. 1.

Phosphorus as Ca(H2PO4)2 and potassium as KCl were
applied at the rates of 92 kg P and 118 kg K/ha, respectively,
before sowing in each of the 3 experimental seasons. Nitrogen
fertiliser (urea) application schedules are indicated in Fig. 2.
Nitrogen, P, and K fertilisers were broadcast in each plot.

Gas sampling and analysis

Soil respiration and N2O fluxes were measured using a closed-
chamber technique. Before each cropping season, we set up
permanent boardwalks to randomly selected gas emission
measurement sites to reduce field disturbance during gas
sampling. Base frames made of steel for the gas collection
chambers were installed in each plot. Circular base frames
(140-mm-diameter) and quadrat base frames (500mm by
500mm) were used for gas flux measurements. The equipment
used for measuring gas emission over the wheat-growing season
wasdifferent from that overmaize-growing season. In the2003–04
and 2004–05 wheat seasons, the circular base frames used for soil
respiration measurement were set up in the soil between wheat
plants (Fig. 1a). As wheat root density in the chamber base
decreased with increasing chamber diameter, the smaller
chamber base size would ensure the root density in the chamber
base was closer to that outside of the base. Therefore, we used the
circular base with 140mm diameter and column chamber of
300mm height to measure soil respiration (including root and
heterotrophic respiration) in the wheat plots. The quadrat base
frames (500mm by 500mm) and cubic chambers (500mm by

500mmby500mmor500mmby500mmby1000mm)wereused
for soil–wheat systemN2O emissionmeasurement (Fig. 1a). In the
2004 maize-growing season, quadrate base frames instead of
circular frames and cubic chambers were used to measure CO2

andN2Oemissions.Thebase framesweresetup in the soil between
2 rows ofmaize (Fig. 1b). As the distance between 2 rows ofmaize
plant is 600mm, themaize root density in chamber base is close to
that outside the base.

All chambers were wrapped with sponge and stannum foil
to prevent temperature exchange. During each sampling, a
chamber was placed on the frame, and the chamber was
closed when a groove on the top edge of the frame was filled
with water. In each treatment, 4 chambers were set up as
replicates for a set of flux measurements.

Measurements of soil respiration and N2O flux were
generally made once or twice a week over each season,
except that gas samples were taken once a day from
30 October (2 days after ploughing) to 21 November 2003 in
the 2003–04 wheat season. In addition, gas samples were taken
once every second day for ~2 weeks after ploughing in the 2004
maize and 2004–05 wheat seasons.

Gas samples were analysed by a modified gas chromatograph
(Agilent 4890D) equipped with flame ionisation detector (FID)
and electron capture detector (ECD) (Wang and Wang 2003).
Carbon dioxide was reduced by hydrogen to CH4 in a nickel
catalytic converter at 3758C, and further detected by FID. The
oven was operated at 558C, and the FID and ECD were at 2008C
and 3308C, respectively. The soil respiration rate or N2O flux
was determined from the slope of the gas concentration change

Table 3. Main growth stages of wheat and maize

Cropping season Main growth stages
Tillering Stem elongation Flowering Maturing

2003–04 wheat 12 Dec. 2003 10 Mar. 2004 8 Apr. 2004 8 May 2004

2004 maize 9 July 2004 30 July 2004 18 Aug. 2004

2004–05 wheat 7 Dec. 2004 17 Mar. 2005 9 Apr. 2005 8 May 2005

500 mm

600 mm

400
mm

Base (for CO2  and N2O)

Maize

(a) (b)

140 mm

500 mm

Wheat

Base (for CO2)

Base (for N2O)

Fig. 1. Schematic drawing of chamber base for gas sampling in (a) winter wheat and
(b) maize plots.
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in the 3 samples taken at 0, 10, and 20min after closing the
chamber. Almost all samples sets yielded linear regression
values of R2> 0.998 for soil respiration and R2 > 0.90 for N2O
flux.

Measurements of soil temperature and moisture

Soil temperature and moisture were measured at the time of gas
sampling. The soil temperature at 100mmdepthwas automatically
recordedusinganOpticStowawayTempLogger (OnsetComputer
Corporation, USA) over the experimental seasons. Soil moisture

(volumetric water content) at 100mm depth was measured by
MPM-160 (TDR) made by Jiangsu Academy of Agricultural
Sciences, China. Soil water content (v/v) was then expressed as
WFPS (water filled pore space) values according to bulk density.

Data analyses

In each cropping season, seasonal amounts of soil respiration
and N2O emissions were calculated by multiplying the average
flux of 2 consecutive measurements by the intervals between
these 2 measurements. Seasonal mean soil respiration rates and
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N2O fluxes were obtained by dividing the seasonal total
cumulative gas emission by the experimental days. Average
fluxes and standard errors were calculated based on 4 replicated
measurements. The difference of gas emission among the
treatments was analysed using 1-way ANOVA in SPSS 11.0.

Results

Seasonal variations in soil moisture, temperature

Relative to the no ploughing treatments, ploughing decreased
soil water content (Fig. 2a, Table 4). Soil water content was, on
average, ~20.0% higher for NT1 than for CT1 over the 2003–04
wheat season. Similarly, relative to the CT2 treatments, soil
water content in the NT2 treatments was ~5.4% higher over the
2004 maize season. In the 2004–05 wheat-growing season, NT4
produced the highest soil moisture with a seasonal mean value of
57.2% (Table 4). Soil temperature (Fig. 2b) showed strong
seasonal patterns that followed local seasonal variation in air
temperature. Seasonal mean soil temperature was 0.78C higher
for CT1 than for NT1 over the 2003–04 wheat season, while it
was 18C higher for NT2 than for CT2 over the 2004 maize
season. Soil temperature was 12.2, 14.6, 13.8, 12.9, and 14.98C
for NT3, CT3, NT4, CT4, and DP, respectively, in the 2004–05
wheat season (Table 4).

Seasonal variations in soil respiration

The seasonal variation in soil respiration developed with a similar
pattern for different treatments in each growing season (Fig. 2c),
generally associatedwith the changeof soil temperature.However,
the dynamics of soil temperature was not consistent with that of
soil respiration from sowing to the over-wintering period in the
2004–05 wheat season. A sharp decrease in soil respiration was
observed on 4 May 2005, probably due to the decrease in soil
temperature and dramatic increase in soil water content.

Ploughingeffectsonsoil respirationvaried indifferentcropping
seasons and crop growth periods. Soil respiration rate was slightly
lower for the deep ploughing treatments than for the no ploughing
plots from sowing to over-wintering in the 2003–04 wheat season
and from turning green to the elongation period in the 2004–05
wheat season (Fig. 2c). Over the entire 2004–05 wheat-growing
season, no ploughing showed a higher soil respiration rate than the

120-mm ploughing (Fig. 2c). In the 2004 maize-growing season,
an obvious difference in soil respiration was found between NT2
and CT2 during the period mid-June to mid-July (Fig. 2c) when
maize grew rapidly.

Seasonal variations in N2O emissions

Nitrous oxide fluxes as affected by N fertilisation, ploughing, and
soil moisture are shown in Fig. 2d. In general, seasonal variation
of N2O emission developed with a similar pattern for different
treatments in each season. In 2003, N2O emissions increased
quickly with N fertilisation and ploughing operation. An
emission peak appeared ~2 weeks after fertilisation. The sharp
increase in N2O emissions from late February to April was
probably induced by spring thaw due to the warmer soil
temperatures (Fig. 2a, b) and applications of N fertiliser in
February and March 2004. In the 2004 maize-growing season,
N2O emissions increased quickly with N application and sharp
increase in soil moisture due to precipitation in late June and late
August 2004 (Fig. 2a). N2O emission in the 2004–05 wheat-
growing season generally exhibited similar seasonal dynamic
patterns to that in the 2003–04 wheat-growing season (Fig. 2d).

An effect of ploughing on N2O emission was not obvious
(Fig. 2d). The difference in N2O emission among the no-
ploughing, shallow-ploughing, and deep-ploughing treatments
was not observed in each cropping season.

Comparison of CO2 and N2O emission rates
under different ploughing regimes

The influence of preceding cropping practice and ploughing
depth on soil respiration is shown by the measured seasonal
mean respiration rates in Table 5. ANOVA showed that the
effect of ploughing depth on soil respiration was dependent on
preceding cropping practice. Over the 2003–04 and 2004–05
wheat-growing seasons (both of their preceding cropping
practices were paddy rice), mean soil respiration rates were
not significantly different (P> 0.05) for no ploughing and
shallow ploughing treatments. The shallow ploughing
treatment of CT2 led to greater soil CO2 loss than the no
ploughing treatment of NT2 in 2004 maize-growing season;
however, significantly higher (P < 0.05) soil respiration rates
occurred with the no-ploughing treatment of NT3 in the
following 2004–05 wheat-growing season. Seasonal average
CO2 emission rate was greatest in the NT3 treatments in the
2004–05 wheat-growing season, which could be explained by
the decay of crop residues (maize stubble).

As shown in Table 5, no significant difference (P > 0.05) in
the seasonal mean N2O fluxes was observed between the
treatments of NT1 and CT1 in the 2003–04 wheat-growing
season. No ploughing also did not lead to significantly larger
N2O flux than shallow ploughing in the 2004 maize-growing
season. Among all the treatments, only seasonal mean N2O flux
was significantly higher for NT3 than for CT4 in the 2004–05
wheat-growing season.

Nitrogen emission factor (EF) for N2O, the proportion of
fertiliser N released as N2O-N, was calculated by the difference
between seasonal N2O emissions from fertilised and no-
fertilised plots (Table 5). The lowest EF value (1.52%)
occurred for the CT1 in the 2003–04 season. The NT3

Table 4. Seasonal mean moisture and temperature for different
treatments

The t-test was performed in the 2003–04 wheat season, 2004 maize season,
and 2004–05 wheat season, respectively. Within each season and parameter,
means followed by the same letter are not significantly different (P> 0.05)

among different ploughing treatments

Season Code Moisture (%) Temperature (8C)

2003–04 NT1 62.0a 12.4a
CT1 52.1b 13.1b

2004 NT2 52.5a 23.6a
CT2 49.9b 22.6b

2004–05 NT3 55.4a 12.0a
CT3 52.4b 14.6b
NT4 57.2c 13.8bc
CT4 53.7b 12.9ad
DP 53.0b 14.9e
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treatment produced the highest EF value (2.77%) in the 2004–05
season. By keeping the N addition constant, the EF value
depended on management practice (ploughing practice and
preceding cropping regime) (Table 5). For example, when N
was applied at the rate of 180 kgN/ha in the 2004–05 season, the
EF value ranged from 2.15% in the CT4 treatment to 2.77% in
the NT3 treatment, and this range was due to the differences in
preceding crop regime and ploughing depth. Although the CT1
and CT4 treatments had similar N addition and management
practice, the EF value was 1.52% and 2.15% in these 2
treatments, respectively, suggesting an inter-annual variation
in the EF (Table 5).

Discussion

Effect of ploughing practice on soil respiration

Conservation tillage has been conceived as a practice to effectively
mitigate C losses fromagricultural soils. On the contrary, intensive
tillage methods often increase the CO2 evolution from soils
(Reicosky and Lindstrom 1993; Alvarez et al. 1995, 2001)
through enhanced biological oxidation of soil C by increasing
subsequent microbial activity (Reicosky et al. 1997). High CO2

fluxes are generally associated with soil disturbance that result in a
rougher surface (Reicosky and Lindstrom 1993; Ball et al. 1999;
Reicosky and Archer 2007). Franzluebbers et al. (1995) showed
that soil respiration was less for a no-ploughing treatment than a
ploughing treatment with 200–250mm depth during the wheat
season,butgreaterfornoploughingthanforshallowploughingwith
100–150mm depth during a soybean (Glycine max L.) season.
However,Baggs et al. (2006) found that a no-ploughingpractice of
Tephrosia residues added had no significant effect on emissions
ofCO2comparedwithconventional tillage.Our result showed that,
compared with no ploughing practice, intensive ploughing
(250mm depth) increased soil respiration significantly in wheat
farmland (whose preceding cropping practicewas paddy rice).Our
study supports the result of Morris et al. (2004) and Gesch et al.

(2007) showing that relative to deep tillage, no-tillage may reduce
soil CO2 flux and soil oxidation potential of organic soils.

It is well documented that soil respiration differing with
different tillage practices was related to previous tillage history,
soil organic C concentration, surface residue, soil texture, and
climate condition (e.g. rainfall) (Reicosky et al. 1997; Ball et al.
1999; Alvarez et al. 2001). Indeed, our study indicated that
preceding cropping practice also influenced soil respiration over
the following cropping season. The effect of shallow ploughing on
soilCO2 emissionswas contingent onprecedingcroppingpractice.
Preceding cropping practice represents the quality and quantity of
crop residues and soil water condition which maybe influence the
soil CO2 production and emission in the following season. For
example, crop residue C :N ratio plays an important role in soil
CO2 emissions (Huang et al. 2004). Silver andMiya (2001) found
that the root decay constant (year�1) was significantly negatively
correlated with root C :N ratio when they analysed a total of 175
datasets from the literature. Moreover, ploughing practice caused
differentquantityofcropresidues.Except forCT3, root andstubble
biomass was higher for shallow ploughing treatments than no-till
treatments (Table 2), which agreed with some previous
investigations (Malhi et al. 2006; Chatskikh and Olesen 2007).
Higher residue production was in accordance with higher soil
respiration rate for the maize-planted farmland (Tables 2 and 5).
Soil respiration ratewas also associatedwith the biomass ofwinter
wheat root and stubble biomass. Generally, higher residue
production was accompanied by higher CO2 emission rate
(Tables 2 and 5). This might be due to the intensive influence of
plant growth and root biomass on soil respiration (Chen andHuang
2006; Jia et al. 2006; Kuzyakov 2006). The comprehensive impact
modeandmechanismsofresiduequalityandquantity,management
regimes in preceding season, and ploughing method in current
season on soil CO2 emission needs to be further investigated.

Effect of ploughing practice on N2O emission

The range of cumulative N2O emission values are consistent
with those reported in other studies conducted under similar
environmental conditions (Zheng et al. 2004; Zou et al. 2005).
Cumulative N2O loss was not influenced by tillage system in the
2003–04 or 2004 seasons (Table 5). Similar emissions from
no-till and shallow ploughing or deep ploughing are contrary to
the results from many other regions (Aulakh et al. 1984; Arah
et al. 1991; MacKenzie et al. 1997; Ball et al. 1999), but are in
agreement with some recent studies (Kaharabata et al. 2003;
Helgason et al. 2005; Liu et al. 2005).

These inconsistent results could be attributed to the great
variation of field N2O emission and the complexity of various
factors involved in the process of soil N2O production and
emission. The greater production of N2O under no ploughing
corresponded to higher water contents near the soil surface than
in the ploughed treatments (Fig. 2a). However, no-tilled soil was
also accompanied by decreased diffusivity near the soil surface
(Ball et al. 1999). Hence, the no-ploughing soil was likely to
have been less aerobic than the ploughed soil but with restricted
opportunities for gas escape. Under no-till, on the other hand,
soil mineral N was lower than that under conventional tillage
practice and such conditions were considered to inhibit N2O
emission from no-till soils (Liu et al. 2005). Furthermore,

Table 5. Seasonal mean soil respiration rates and N2O fluxes for
different treatments

One-way ANOVA analysis was performed in the 2003–04 wheat, 2004
maize, and 2004–05 wheat seasons, respectively. Within each season and
parameter, means followed by the same letter are not significantly different
(P> 0.05) among different ploughing treatments. s.e., Standard error;
EF, emission factor of nitrogen for N2O, calculated by the difference
between seasonal N2O emissions from fertilised plots and unfertilised
plots. Seasonal N2O emissions from unfertilised plots in the 2003–04 and
2004–05 wheat seasons were 3.82 and 4.32 kgN/ha, respectively. No

unfertilised plots were set up in the 2004 maize season

Season Code CO2 (mg/m2.h) N2O (mg/m2.h) N2O EF
Mean s.e. Mean s.e. (%)

2003–04 NT1 243.3a 12.8 220.0a 4.6 1.54

CT1 204.8a 13.1 216.0a 20.7 1.52
2004 NT2 316.8a 12.2 131.8a 14.4

CT2 359.3b 7.6 165.9a 4.1

2004–05 NT3 307.1b 13.7 291.3a 7.8 2.77
CT3 241.0a 13.7 264.1ab 12.8 2.33
NT4 243.8a 6.0 267.5ab 10.8 2.35
CT4 276.9b 12.3 257.8b 12.5 2.15
DP 279.3b 5.9 261.0ab 5.5 2.23
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relationships between N2O fluxes and dissolved organic C in
soils where different preceding crop residues were incorporated,
as well as between N2O emission and crop residue C :N ratio,
imply that crop residue might play an important role in N2O
emissions (Huang et al. 2004). The N2O emissions were also
related to the quantities of crop residue production under
different ploughing practices. Higher N2O emissions were
observed for the 120-mm ploughing treatment which
produced higher crop residues in the 2004 maize season
(Tables 2 and 5). A previous investigation also indicated that
root biomass from wheat stem elongation to flowering differed
among various ploughing practices, and root biomass is closely
correlated with soil nitrification rate (Chen and Huang 2006).
Therefore, it is reasonable that root and stubble biomass can
partly explain the variations in N2O emission from wheat
farmland under different ploughing practices (Tables 2 and 5).

Based on the calculated EF values under different treatments
in Table 5, the coefficient of N2O-N emission per kg fertiliser N
applied per ha averaged 0.0213, a value consistent with the
recent estimate of N2O emissions from Chinese croplands using
a precipitation-rectified emission factor (Lu et al. 2006). Our
study also indicated that no-till tended to result in slightly higher
EF values (Table 5). Although it is not easy to give a simple
answer to explain the higher EF values in no-tilled plots, one
possible explanation may be related with higher water content in
no-tilled soil (Fig. 1 and Table 4).

Conclusion

Field observations indicated that the seasonal variation in soil
respiration developed with a similar pattern for different
treatments in each cropping season. This work demonstrates
that ploughing depth can influence long-term loss of C from soil,
but this was contingent on preceding cropping practice. Given
the same preceding cropping practice, no significant difference
in N2O emission was found among different ploughing practices
in each season. By keeping the N addition constant, the EF of
nitrogen for N2O depended on management practice (preceding
cropping regime and ploughing practice). Our study indicated
that no-till tended to result in higher EF values. Our study also
suggested that further research on the interactions of tillage and
residue management would be useful in elucidating
recommended practices for reducing soil CO2 and N2O flux.
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